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(57) ABSTRACT

The present invention relates to an optical pickup and an
optical disc drive that records or reproduces data signals on
or from optical discs different in specifications, such as
recording density and thickness. One objective lens (17) 1s
used for optical discs (22a, 22b) of two types that differ in
specifications. The optical pickup and the optical disc drnive
comprise two light source sections (24a, 245) and a lens-
supporting mechanism (135). The light source sections emit
two laser beams of different wavelengths, respectively. The
lens-supporting mechanism (135) controls the position of the
objective lens (17) 1n the radial direction of the discs and
along the optical axis. The lens-supporting mechanism (15)
has a lens-inclination adjusting mechanism (30) capable of
changing an angle at which the objective lens (17) 1s inclined
to the optical axis, substantially in proportion to a displace-
ment of the optical disc of the first type from the reference
point 1n the signal-recording plane of the optical disc of the
first type.
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OPTICAL PICKUP AND OPTICAL DISC
DRIVE DEVICE

TECHNICAL FIELD

The present invention relates to an optical pickup that can
record or reproduce data signals on or from optical discs of

different specifications. The invention also relates to an
optical disc drive that comprises the optical pickup.

BACKGROUND ART

Optical disc drives are known, which apply a laser beam
to optical discs, 1.e., disc-shaped optical recording media,
thereby to record data signals on the optical discs or repro-
duce data signals from the optical discs. Some of the optical
disc drives incorporate one optical pickup that can record or
reproduce data signals on or from optical discs that differ in
specification such as thickness, recording density and the
like.

FIG. 1 shows an optical pickup configured to record data
signals on optical discs of different specifications or to
reproduce data signals recorded on optical discs. As FIG. 1
depicts, an optical pickup 101 has two semiconductor lasers
102 and 103, two beam splitters 104 and 105, a collimator
lens 106, an objective lens 107, a lens-supporting mecha-
nism h, a light-receiving element 109, and the like. The
semiconductor lasers 102 and 103 are laser beam emitting
clements that emit laser beams diflerent 1n wavelength. The
lens-supporting mechanism h includes an actuator that
drives and displaces the objective lens 107. The light-
receiving element 109 receives the light beam retlected from
an optical disc 110.

Various methods are available of enhancing the density at
which data signals on optical discs are recorded. Of these
methods, the most generally used 1s to use an objective lens
having a large numerical aperture (NA) and apply a light
beam having a short wavelength (A) to read data signals
recorded on the optical disc. If the recording medium used
1s a compact disc (CD), an optical pickup 1s used that
comprises an objective lens having a numerical aperture
(NA) 01 0.45 and emits a light beam having a wavelength (i)
of 780 nm. If the recording medium 1s a digital versatile disc
(DVD), there 1s used an optical pickup that comprises an
objective lens having a numerical aperture (NA) of 0.6 and
emits a light beam having a wavelength (&) of 650 nm. Note
that the diameter of a beam spot formed on the signal-
recording plane of the optical disc 1s proportional to A/NA.
Hence, the beam spot formed on any DVD has a diameter
that 1s about 63% of the diameter of the beam spot formed
on the CD.

The larger the numerical aperture (NA) of the objective
lens, the more greatly the beam spot will be deformed when
the optical disc 1s inclined to the light beam. More specifi-
cally, the beam spot will be more deformed as the coma-
aberration increases 1n proportion to the cube of NA. Thus,
the protective layer of the DVD 1s made thinner than that of
the CD so as to reduce the beam-spot deforming caused by
the 1inclination of the optical disc to the light beam.

In order to record or reproduce data signals on or from
two types of optical discs, e.g., a CD and a DVD, by one
objective lens, the light beam must be focused to form a
beam spot of such a size as would record or reproduce data
signals as 1s desired. Such an objective lens 1s described 1n,
for example, the specification of Japanese Patent No.

2559006.
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The CD and the DVD are almost identical in terms of
diameter and thickness. However, the protective layer of the

DVD 1s thinner than that of the CD, as pointed out above.

The CD and the DVD 1nevitably differ in the position of the
signal-recording plane. Due to this difference, the CD and

the DVD are regarded as a thick disc and a thin disc,
respectively.

Being thin, optical discs may warp in their radial direc-
tion, from the center to the outer circumierence. Conse-
quently, so-called “plane wobbling” 1s likely to occur as any
optical disc 1s rotated. The warping and/or plane wobbling of
the optical disc results 1n a coma-aberration. The coma-
aberration gives rise to crosstalk, because the beam spot
formed on the disc i1s deformed. The crosstalk renders
unclear signals read from the disc. To minimize the deform-
ing of the beam spot, various methods can be employed. One
method 1s to detect the inclination of the optical disc
clectrically and to reduce the aberration by an aberration-
correcting element 1n accordance with the disc inclination
detected, as 1s disclosed in Jpn. Pat. Appln. Laid-Open
Publication No. 11-110802. Another method 1s to use a
triaxial actuator that can move the objective lens in three
directions, 1.e., focusing direction, tracking direction and
tilting direction, as 1s disclosed in Jpn. Pat. Appln. Laid-
Open Publication No. 2000-36125. These methods
described in the Laid-Open publications, 1.e., methods of
minimizing the deforming of the beam spot formed on the
optical disc, require additional components. The additional
components render the optical pickup complicated 1n struc-
ture and raise the manufacturing cost of the optical pickup.
Ultimately, they will increase the structural complexity and
manufacturing cost of the optical disc drive that uses this
optical pickup.

A method of preventing the deforming of a beam spot has
been proposed. In the method, a two-axis actuator 1s inclined
to the radial direction of the optical disc, in proportion to the
displacement of the objective lens from a prescribed posi-
tion. That 1s, the actuator 1s moved to follow the warping of
the optical disc, thereby to prevent the deforming of the
beam spot. To record or reproduce data signals on or from
two types of optical discs that are diflerent 1n thickness, by
means ol a single objective lens, 1t 1s necessary to adjust the
working distance, 1.e., the distance between the objective
lens and the incidence side of the optical disc. When the
same support supports either type of an optical disc and the
inclination of the objective lens 1s set for one type of an
optical disc, the objective lens 1s inclined to the other type
ol an optical lens by the angle proportional to the difference
between the two types of discs 1n terms of working distance.
Inevitably, the optical pickup reproduces degraded data
signals.

DISCLOSURE OF THE INVENTION

An object of this mnvention 1s to provide a novel optical
pickup that can solve the above-mentioned problems with
the conventional optical pickup and conventional optical
disc drive, and to provide an optical disc drive that com-
prises this novel optical pickup.

Another object of the mvention 1s to provide an optical
pickup that has a simple structure and can yet prevent the
deforming of the beam spot formed as a light beam 1s
applied to an optical disc, thereby to record or reproduce
data signals on or from the optical disc, with good recording/
reproducing characteristics, and to provide an optical disc
drive that comprises this optical pickup.
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According to this invention made to achieve the objects
specified above, an optical pickup 1s provided designed to
record or reproduce data signals on or from two types of
optical discs that difler 1n at least data recording density and
thickness, by using the same objective lens. The optical
pickup comprises: two light source sections for emitting
laser beams having diflerent wavelengths; and a lens-sup-
porting mechanism for controlling a position of the objective
lens 1n a radial direction of the optical discs and along an
optical axis. "

T'he lens-supporting mechanism has a lens-
inclination adjusting mechanism capable of changing an
angle at which the objective lens 1s inclined to the optical
axis, substantially in proportion to a displacement of the
optical disc of the first type. The second light source section
for recording or reproducing data signals on or from the
optical disc of the second type 1s positioned with respect to
the position of the first light source section for recording or
reproducing data signals on or from the optical disc of the
first type, so as to satisty the following condition:

120°=0=240°

where 0 1s an angle measured counterclockwise from the
first light source section used to record or reproduce data
signals on or from the optical disc of the first type to the
second light source section used to record or reproduce data
signals on or from the optical disc of the second type, along
a straight line 1 which the optical pickup moves toward an
outer circumierence of the optical disc to record or repro-
duce data signals on or form the optical disc. The optical
pickup eliminates the deterioration of the beam spot, which
results from the warping of the optical disc of the first type.
Additionally, 1t can minimize the mfluence imposed on the
optical disc of the second type by the objective lens inclined
by the lens-inclination adjusting mechanism.

The present invention also provides an optical disc drive
apparatus designed to record or reproduce data signals on or
from two types of optical discs that differ in specifications
such as data recording density, thickness and the like, by
using the same objective lens. The optical pickup comprises:
two light source sections for emitting laser beams having
different wavelengths, and a lens-supporting mechanism for
controlling a position of the objective lens 1n a radial
direction of the optical discs and along an optical axis. The
lens-supporting mechanism has a lens-inclination adjusting
mechanism capable of changing an angle at which the
objective lens 1s inclined to the optical axis, substantially 1n
proportion to a displacement of the optical disc of the first
type from a reference point in a signal-recording plane of the
optical disc of the first type. The second light source section
for recording or reproducing data signals on or from the
optical disc of the second type 1s positioned with respect to
the position of the first light source section for recording or
reproducing data signals on or from the optical disc of the
first type, so as to satisiy the following condition:

120°=0=240°

where 0 1s an angle measured counterclockwise from the
first light source section used to record or reproduce data
signals on or from the optical disc of the first type to the
second light source section used to record or reproduce data
signals on or from the optical disc of the second type, along
a straight line 1 which the optical pickup moves toward an
outer circumierence of the optical disc to record or repro-
duce data signals on or from the optical disc. The optical disc
drive apparatus can eliminate the deterioration of the beam
spot, which results from the warping of the optical disc of
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4

the first type, thereby to optimize the data signals recorded
or reproduced. Further, the apparatus can minimize the
influence imposed on the optical disc of the second type by
the objective lens inclined by the lens-inclination adjusting
mechanism.

In the optical pickup and the optical disc drive apparatus,
both according to this mvention, two light source sections
are supported on the same support member. Therefore, the
pickup and the apparatus can be rendered compact as a
whole.

In the optical pickup and the optical disc drive apparatus,
both according to this invention, the lens-inclination adjust-
ing mechanism 1s configured to change the angle at which
the objective lens 1s 1nclined, to satisty the following con-
dition:

1/4-0/RES=0/R

where S 1s the inclination angle of the objective lens
(regarded as positive 1f the objective lens approaches the
outer circumierence of the optical disc of the first type), o 1s
the displacement of the objective lens from a reference
position (regarded as positive 1 the objective lens
approaches the optical disc), and R 1s the radius of the
optical disc. Thanks to this configuration, 1t 1s possible to
climinate the deterioration of the beam spot etliciently,
which results from the warping of the optical disc of the first
type.

The optical pickup and the optical disc drive apparatus,
both according to this mvention, further comprise a light-
receiving section for receiving laser beams reflected by the
optical discs, and means arranged between the light-receiv-
ing section and the objective lens. Said means combines
optical paths of two types of laser beams emitted from the
two light sources, respectively, such that the two laser beams
reflected by the optical discs are received at substantially the
same point on the light-receiving section. Hence, the light-
receiving section works for two types of optical discs. This
helps to reduce the number of components.

Further, the optical pickup and the optical disc drnive
apparatus, according to this invention, satisty the following
conditions:

where 1 1s the focal distance of the objective lens; P 1s the
magnification of the optical system; AWD 1s the difference
between the working distance of recording or reproducing
data signals on or from the optical disc of the first type and
the working distance of recording or reproducing data
signals on or from the optical disc of the second type; O 1s
the angle at which the optical disc of the second type 1s
inclined to record or reproduce the signals in optimal
conditions when the incidence angle of the laser beam
applied to the objective lens changes by one degree; «. 1s the
angle at which the optical disc of the second type 1s inclined
to optimize the signals recorded or reproduced, when the
incidence angle of the laser beam applied to the objective
lens changes by the one degree (regarded as positive 1f the
disc 1s inclined to eliminate the influence of inclination of
the laser beam); T 1s the proportionality constant determined
by the radius of the optical disc of the first type, which
relates the displacement of the objective lens (regarded as
positive 1f the objective lens approaches the optical disc of
the first type) from a reference position and the inclination
of the objective lens (regarded as positive 1f the side of the
objective lens located at the outer circumierence of the
optical disc of the first type approaches the optical disc of the
first type); AL 1s the distance between the first light source
section used to record or reproduce data signals on or from
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the optical disc of the first type and the second light source
section used to record or reproduce data signals on or from
the optical disc of the second type; and 0 1s an angle
measured counterclockwise from the first light source sec-
tion to the second light source section, along a straight line
in which the optical pickup moves toward an outer circums-
terence of the optical disc to record or reproduce data signals
on or form the optical disc. Hence, this optical pickup can
cllectively reduces the influence, such as coma-aberration,
imposed on the optical disc of the second type, too, by the
objective lens inclined by the lens-inclination adjusting
mechanism.

The other objects of this invention and the other advan-
tages achieved by the mvention will be apparent from the
embodiments that shall be described below, with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of a conventional optical system of
the optical pickup, depicting the basic structure of the optical
pickup;

FI1G. 2 1s a perspective view, illustrating the outer appear-
ance of an optical disc drive according to the mvention;

FI1G. 3 15 a partly exploded, perspective view of the optical
disc drive, showing the basic structure thereof;

FIG. 4 1s a perspective view of the biaxial actuator
incorporated 1n the optical pickup;

FIG. 5 1s a side view of the optical system of the optical
pickup, 1llustrating the basic structure of the optical pickup;

FIG. 6 1s a diagram explaining the operation of a lens-
inclination adjusting mechanism;

FIG. 7 1s another diagram explaining the operation of the
lens-inclination adjusting mechanism;

FIG. 8 1s a schematic diagram showing a warping optical
disc;

FIG. 9 1s a diagram explaining how the signal-recording
plane of the optical disc 1s displaced when the optical disc
warps;

FI1G. 10 1s a diagram representing the relation between the
displacement of the signal-recording plane and the inclina-

tion of the objective lens, which 1s observed at various
positions along the radius of the optical disc;

FIGS. 11A and 11B are diagrams showing the positions
that the objective lens takes with respect to optical discs of
different specifications when 1t 1s moved to record or repro-
duce data signals on or from the optical discs;

FIG. 12A 1s a diagram showing how coma-aberration
occurs when the objective lens inclines to the optical disc;

FIG. 12B 1s a diagram explaining how coma-aberration
occurs when the optical disc inclines to the objective lens;

FIG. 13 1s a graph representing the relation between the
inclination of the objective lens or optical disc and the
coma-aberration;

FIG. 14 depicts the positional relation of the two light
sources provided 1n a laser;

FIG. 15A 1s a graph showing the relation between the
coma-aberration and the incident angle of a laser beam
applied to the objective lens; and

FIG. 15B 1s a graph representing the relation between the
inclination of the optical disc and the coma-aberration.
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6

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

An optical pickup according to the ivention and an
optical disc drive comprising the optical pickup of the
invention will be described, with reference to the accompa-
nying drawings.

The embodiments described below are an optical disc
drive that uses, as recording medium, a DVD (Digital
Versatile Disc or Digital Video Disc, heremnafter referred to
as “DVD”) or a CD (Compact Disc, heremafter referred to
as “CD”) such as CD-ROM, CD-R, CD-RW or the like, and
an optical pickup that 1s incorporated in this optical disc
drive.

The optical disc drive according to the invention will be
first described.

As FI1G. 2 shows, the optical disc drive 1 has a housing 2
and various components and mechanisms contained in the
housing 2. The housing 2 comprises a cover 3 and a front
panel 4. The front panel 4 has an elongate opening 4a and
an operation section 5. The opening 4a extends horizontally.
The operation section 3 has various operation buttons.

As FIG. 3 depicts, the housing 2 contains a mechanism
frame 6. The mechanism frame 6 supports various mecha-
nisms. Among the mechanisms are a loading mechanism 8
that loads a disc tray 7 and a base umt 9 that can rotate. The
base unit 9 holds a disc table 11 and an optical pickup 12.
The disc table 11 can be rotated by a spindle motor 10. The
optical pickup 12 1s supported by the base unit 9, and 1s able
to move 1n the radial direction of an optical disc that 1s
mounted on the disc table 11 and can be rotated.

As shown 1n FIG. 3, the optical pickup 12 comprises a
movable base 13 and some other parts arranged on the
movable base 13. More precisely, two bearing units 13a and
1356 are provided at the ends of the movable base 13,
respectively. The bearing units 13a and 135 support two
guide shaits 14, respectively. The guide shaits 14 extend
parallel to each other. Guided by these shaits 14, the optical
pickup 12 can move in the axial direction of the spinming
optical disc mounted on the disc table 11.

As seen 1n FIG. 4, a biaxial actuator 15 1s provided on the
movable base 13. The actuator 15 serves as a lens-support-
ing mechanism. The biaxial actuator 15 comprises a fixed
part 154 and a biaxial movable part 15b. The fixed part 13a
1s secured to the movable base 13. The biaxial movable part
156 comprises a holding member 16, an objective lens 17,
and a coil section 18. The holding member 16 1s composed
of a lens holder 16a and a coil bobbin 165 that are formed
integral with each other. The coil bobbin 165 protrudes from
one side of the lens holder 16a. The lens holder 16a holds
the objective lens 17. The lens 17 1s pressed into or adhered
to the lens holder 16a. The lens 17 may be secured to the lens
holder 16 by any other appropriate method.

The optical pickup 12 of the structure described above
further comprises a lens-inclination adjusting mechanism
30. The operating principle of the mechanism 30 will be
described. Additionally, the relation between the inclination
of the optical disc and the beam spot formed by the laser
beam applied to the optical disc will be explained. Note that
the 1nclination of the optical disc results from the warping
and plane wobbling of the disc.

-

The biaxial movable part 156 provided in the optical
pickup 12 of this mvention 1s secured and electrically
connected to the fixed part 156 by four suspensions 19,
19, . . . The suspensions 19 are thin wires made of electri-
cally conductive and elastic material. The four suspensions
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19 are arranged at different positions and have different
spring constants that depend on their positions as will be
specified later.

The fixed part 15a holds a yoke 20 that has a substantially
U-shaped cross section. The yoke 20 comprises a pair of 5
yoke strips 20a and 20aq that oppose each other. Two
magnets 21 are fixed to the opposing sides of the yoke strips
20a and 20aq, respectively. The yoke strips 20aq and 20a and
the magnets 21 constitute a magnetic circuit, jointly with a
focusing coil 18a and tracking coils 18b. 10

The optical disc drive 1 according to the invention 1s a
device that drives either a DVD or a CD as explained earlier.

It uses one of two laser beams of different wavelengths, 1.e.,
650 nm and 780 nm, in accordance with the type of the disc

it drives. The objective lens 17 that the disc drive 1 incor- 15
porates 1s a so-called “bitocal lens.”

In the optical disc drive according to this invention, the
loading mechanism 8 pushes out the disc tray 7 from the
opening 4a made 1n the front panel 4 when the user operates
the operation section 5 provided on the front panel 4, 20
inputting an unloading command to move the disc tray 7 to
a disc insertion/removal position outside the housing 2.
Once the disc tray 7 1s pushed out, an optical disc can be
placed 1n the recess 7a made 1n the disc tray 7. After the
optical disc 1s placed 1n the recess 7a, the user may operate 25
the operation section 3 again, mputting a loading command
to move the disc tray 7 back into the housing 2. In response
to this command the loading mechanism 8 pulls the disc tray
7 1nto the housing 2.

When the user operates the operation section 5, thus 30
inputting a command to record or reproduce a data signal on
or Irom the optical disc (DVD) 22a or the optical disc (CD)
22b, the base umt 9 1s rotated, moving the disc table 11
upwards in FIG. 3. As a result, the center part of the disc
table 11 1s mserted into the center hole of the optical disc. 35
The optical disc 1s thereby chucked to the disc table 11. The
optical disc chucked to the table 11, 1.e., the DVD 224 or the
CD 225, can therefore rotate together with the disc table 11.
When the disc table 11 1s driven to rotate by the spindle
motor 10, the DVD 22a or the CD 225 1s rotated together 40
with the disc table 11. When the disc table 11 1s rotated, the
optical pickup 12 1s moved from the 1nner circumierence of
the CD 225 or DVD 22a, which 1s spinning together with the
disc table 11, toward the outer circumierence of the CD 225
or DVD 22a, while guided by the pair of guide shafts 14. 45
Meanwhile, a laser beam 1s applied to the signal-recording
plane of the DVD 22a or CD 225 through the objective lens
17 held by the biaxial actuator 15. A data signal 1s written on
the DVD 22a or the CD 22b, or a data signal recorded on the
DVD 22a or the CD 22b 1s read. 50

The user may operate the operation section 5 provided on
the front panel 4, mputting a command to stop the repro-
ducing or recording of the data signal. If this 1s the case, the
CD 22b or the DVD 22a 1s stopped. At the same time the
optical pickup 12 1s stopped. The optical pickup 12 therefore 55
stops reproducing or recording the data signal. The base unit
9 15 rotated downwards (FIG. 3), or in the direction opposite
to the above-mentioned direction. The CD 225 or the DVD
22a 15 thereby released from the disc table 11, the optical
disc 1s placed 1n the recess 7a of the disc tray 7, and the base 60
unit 9 moves to a position below the disc tray 7.

The user may operate the operation section 5, inputting a
command to push the disc tray 7 out of the housing 2. In this
case, the disc tray 7 1s pushed out from the housing 2 through
the opening 4a. Hence, the CD 225 or the DVD 22a can be 65
removed from the recess 7a. When the user removes the CD
22b or the DVD 22a and operates the operation section 5,
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thus mputting a command to pull the disc tray 7 into the
housing 2, the disc tray 7 1s pulled into the housing 2.

From FIG. 5, the optical system 23 of the optical pickup
12, which emits a laser beam, will be described.

The optical system 23 comprises an optical base 23a. All
other components of the system 23, except the objective lens
17, are secured 1n place on the optical base 23. The optical
system 23 comprises two light sources 24a and 245 that emit
a laser beam having a wavelength of 650 nm and a laser
beam having a wavelength o1 780 nm, respectively. The light
source 24a that emits a 650-nm laser beam 1s provided for
DVDs, whereas the light source 245 that emits a 780-nm
laser beam 1s provided for CDs. Both light sources 24a and
24b are arranged on the same support member 24c¢ and
provided 1n the form of a single laser element 24. The optical
system 23 comprises, besides the objective lens 17, a
diffraction element 25, a beam splitter 26, a collimator lens
27, a light-recerving element (PDIC) 28, and an optical
clement 29. The diflraction element 25 diffracts the 780-nm
laser beam to be applied to the CD 225, thereby to form a
beam spot that serves to achieve tracking servo. The beam
splitter 26 allows passage of a laser beam or retlects the
same. The light-receiving element 28 receives the laser
beam reflected by the signal-recording plane of the DVD
22a or CD 22b. The optical element 29 functions as a means
for combining the paths of laser beams having difierent
wavelengths, thereby applying the laser beams at the same
position on the light-receiving element 28. The optical
clement performs another function; 1t makes the laser beams
undergo astigmatism, thereby to generate a focusing error
signal.

The DVD 22a and the CD 22b, both used in the optical
disc drive 1, have essentially the same thickness. Nonethe-
less, they difler 1n terms of operating point, 1.e., the position
where the laser beam 1s focused to form a beam spot. This
1s because their signal-recording planes are different in
position. More specifically, the DVD 22a and the CD 225
have operating points at different distances from the incident
plane of the laser beam, the distance of one 1s longer than the
other by 0.6 mm, when both discs are placed at the same
level on the disc table 11. This difference of 0.6 mm results
in a difference in spherical aberration. The diflerence 1n
spherical aberration must be eliminated to focus the laser
beams on both the DVD 22a and the CD 225b as 1s desired.
To this end, the objective lens 17 used 1n the optical disc
drive 1 1s a so-called “bifocal lens” as pointed out above.
Although the DVD 22a and the CD 226 have the same
thickness, they may be regarded as a thin disc and a thick
disc, respectively, since their signal-recording planes lie at
different levels.

However, the objective lens 17 cannot help to eliminate
the operating point difference of 0.6 mm though 1t 1s bifocal
lens. The objective lens 17 1s therefore driven by the biaxial
actuator that includes the lens-supporting mechamism 15.
Thus driven, the lens 17 moves along 1ts optical axis and 1n
the focusing and tracking directions which are respectively
parallel and perpendicular to the optical axis. Hence, the lens
17 focuses the laser beam, forming a desirable beam spot on
the recording track of the DVD 22a or the CD 225, thereby
to read or write data reliably from or on the recording track.
The objective lens 17, 1.e., the bifocal lens, 1s designed to
have two theoretical operating points which are spaced in
the focusing direction. The lens operates at one of these
operating points to record and reproduce data signals on and
from CDs, and at the other operating point to record and
reproduce data signals on and from DVDs. To be more
specific, the objective lens 17 has the operation point at
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position A (hereinatter called “basic operating point” shown
in FIG. §) for the DVD 22a, and at position B (hereinafter
called “basic operating point,” shown in FIG. 5) for the CD
22b.

The biaxial actuator 135, which supports the objective lens
17 and moves the same 1n both the focusing direction and the
tracking direction, comprises the lens-inclination adjusting
mechanism 30. This mechanism 30 inclines the objective
lens 17 by an inclination angle S to the radial direction of the
DVD 22a (The angle S has a positive value when the outer
circumierence of the DVD 22a approaches the lens 17). The
angle S 1s proportional to the displacement distance 0 (mm)
the objective lens 17 has moved from the basic operating
point A to record or reproduce data signals on or from the

DVD 22a.

The lens-inclination adjusting mechamsm 30 1s a mecha-
nism that utilizes the function of the biaxial actuator 15 to
incline the objective lens 17. To enable to the mechanism 30
to incline the lens 17, only some of the components of the
biaxial actuator 15 have been mechanically modified.

Namely, the lens-inclination adjusting mechanism 30
functions as 1s described 1n Jpn. Pat. Appln. Laid-Open
Publication 2001-319353 filed by the applicant and also 1n
U.S. patent application Ser. No. 09/842,868 that corresponds
to Publication 2001-319353. Though not detailed here, the
mechanism 30 1s designed by modifying the biaxial actuator
15. For example, the four suspensions 19, 19, . . . that secure
the biaxial movable part 155 to the fixed part 154 may have
theirr spring constants changed, while having the same
diameter. Alternatively, the suspensions 19 may have dii-
ferent diameters to acquire diflerent spring constants. More
precisely, the pair of suspensions 19 that lie near the inner
circumierence of the disc may have greater spring constants
than the pair of suspensions 19 that lie near the outer
circumierence of the disc. Otherwise, the pair of suspensions
19 that lie near the mner circumierence of the disc may have
larger diameters than the suspensions 19 that lie near the
outer circumierence of the disc. In either way, the suspen-
sions 19 near the inner circumierence of the disc will have
greater spring constants than the pair of suspensions 19 near
the outer circumierence. This will make 1t possible to incline
the objective lens 17 at a prescribed angle that 1s propor-
tional to the distance o0 the lens 17 has moved from the basic
operating point A to the basic operating point B.

The objective lens 17 1s displaced from the basic operat-
ing point A, because the distance between the objective lens
17 and the signal-recording plane of the DVD 224 increases
if the DVD 22a 1s warping or undergoes plane wobbling. If
the lens 17 1s so displaced, 1ts focal point does not coincide
with the basic operating point A. The biaxial actuator 15
therefore moves the objective lens 17 1n the focusing direc-
tion.

A method will be explained 1n which the lens-inclination
adjusting mechanism 30 inclines the objective lens 17 at an
optimal angle to correct the inclination resulting from the
warping or plane wobbling of the DVD 22a.

The distance 6 of displacement and the inclination angle
S have the following relation:

S=T-8 (1)

where T (deg/mm) 1s the proportionality constant.

The proportionality constant T 1s a constant determined by
the radius R (mm) of the DVD 22a that 1s a thin optical disc.

Assume that the DVD 224 1s warped. As FIG. 8 shows,
the DVD 22a has a radius R and a warp M (mm) at 1ts outer
circumierence. As seen from FIG. 8, the warp M of the DVD
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22a 1s uniform from the center of the DVD 22a to the outer
circumierence thereof. As already explained in connection
with the conventional art, most optical discs inevitably warp
and undergo plane wobbling. The warping or plane wob-
bling results 1 the displacement of the signal-recording
plane of an optical disc, or the inclination of the objective
lens to the optical disc. Consequently, coma-aberration will
occur, which deteriorates the beam spot that the beam forms
as 1t 1s focused on the signal-recording plane.

The lens-inclination adjusting mechanism 30, which 1s
incorporated 1n the biaxial actuator 15, inclines the objective
lens 17 1n proportion to the displacement distance ¢ defined
by Equation 1. The mechanism 30 thus eliminates the
deterioration of the beam spot, which results from the
coma-aberration. The disc drive 1 can therefore record and
reproduce data signals on and from the DVD 22a with high
reliability.

As 1llustrated in FIG. 9, the inner and outer circumfer-
ences of the DVD 22aq are at distances R, and R__ . from the
center of the DVD 22q. The middle part of the signal-
recording plane 1s then located at distance (R, +R_ )/2 from
the center of the DVD 22a. In this case, 1t 1s required that the
proportionality constant T be a value such that the lens
inclines at the same angle, M/R-180/mt (deg), as the signal-
recording plane of the disc. If the constant T has this value,
it 1s possible to minimize the deterioration of the beam spot,
which results from the coma-aberration. The displacement
m at this position i1s expressed by the following Equation 2:

Rin + RDHI‘
m =
2R

(2)

- M

Substituting Equation 2 1 Equation 1 yields the following
Equation 3 since m=0 (displacement of the objective lens
17):

M 180 R]_[] + RDHI (3)
: =T - M

R 2R

Equation 3 reduces to the following Equation 4, eliminating
M and R:

180
Rin + Rom 74

- g

(deg [ mm)

FIG. 10 1s a diagram that shows how the angle at which
the objective lens 17 1s inclined to a warping optical disc
when the proportionality constant T 1s of the value defined
by Equation 4. In FIG. 10, the position (b) 1s the position that
the objective lens 17 should take to record or reproduce data
signals on or from the middle part of the signal-recording
plane. The angle at which the lens 17 should be 1nclined at
this position (b) 1s equal to the inclination angle M/R of the
optical disc. The position (a) shown in FIG. 10 1s one that the
objective lens 17 must assume to record or reproduce data
signals on or from the innermost part of the signal-recording
plane. The position (¢) shown i FIG. 10 1s one that the
objective lens 17 should assume to record or reproduce data
signals on or from the outermost part of the signal-recording,
plane. Hence, the coma-aberration 1s insufficiently reduced
when the objective lens 17 lies at the position (a) depicted
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in FIG. 10, and 1s excessively reduced when the objective
lens 17 lies at the position (¢) depicted 1n FIG. 10. In the case
of an optical disc whose R, and R_ . are 24 (mm) and 58
(mm), respectively, T=1.397 (deg/mm). The position (b)
shown 1 FIG. 10 depicts the center of the signal-recording
plane.

It 1s desired that the proportionality constant T should
satisfy the following Equation 5, in order to record or
reproduce data signals in good conditions:

180 2 180

11 (5)
—_ . < T > .
4 R =« Ro,.+R,; T«

If the proportionality constant T exceeds the upper limit
specified in Equation 5, the astigmatism will increase greater
than the coma-aberration i1n the course of recording or
reproducing data signals on or from the outer parts of the
disc, because of the extra-axial characteristic of the objective
lens 17. This would deteriorate the beam sport. Conversely,
il proportionality constant T does not reach the lower limiut,
the coma-aberration 1s insuihciently reduced. In this case,
too, the beam spot 1s deteriorated.

The objective lens 17 may be displaced from the basic
operating point A by the distance 0 due to the warping of the
DVD 22a, which has taken place during the manufacture
thereot or due to the deformation (plane wobbling) of the
mechanism that holds and rotates the DVD 22a4. In this case,
the lens-inclination adjusting mechanism 30, designed by
mechanically moditying some of the components, inclines
the objective lens 17 by angle S (=1-0) that 1s substantially
proportional to the displacement, while data signals are
being recorded or reproduced on or from the DVD 22a. The
objective lens, thus inclined by angle S, prevents the beam
spot from being deteriorated 1n spite of the coma-aberration
caused by the warping or plane wobbling of the DVD 22a.
This renders it possible to record and reproduce data signals
in optimal conditions.

It will be explained how the optical pickup 12 comprising
the lens-inclination adjusting mechanism 30 operates to

record or reproduce data signals on or from a CD (a thick
optical disc) 22b.

To record or reproduce data signals on or from the CD 225
by applying a laser beam to the CD 226 through the
objective lens 17, the biaxial actuator 15 moves the objective
lens 17 from the basic operating point A to the basic
operating point B as illustrated mm FIGS. 11A and 11B.
Namely, the objective lens 17 approaches the surface of the
CD 226 by a distance AWD from the position where 1t serves
to record or reproduce data signals on or from the DVD 22aq,
1.e., thin optical disc.

The lens-inclination adjusting mechanism 30 operates as
the objective lens 17 moves along 1ts optical axis due to the
difference 1n the position of the signal-recording plane,
between the DVD and the CD. Since the distance between
the two basic operating points A and B 1s AWD (mm), the
lens-inclination adjusting mechanism 30 inclines the objec-
tive lens 17 by angle S=T-AWD (deg) obtained from Equa-
tion 1, no matter whether the CD 224 1s inclined due to
warping or plane wobbling. Generally, coma-aberration
takes place when the objective lens 1s inclined as shown in
FIG. 12A or the optical disc 1s inclined as shown 1n FIG.
12B. If the objective lens has a numerical aperture (NA) of,
for example, 0.45, coma-aberration exceeding 0.06 Arms per
degree (1°) of inclination will occur, whether the objective
lens or the optical disc 1s inclined.
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Coma-aberration C occurs when the objective lens 17 1s
inclined to the CD 225b. This means that the coma-aberration
can be eliminated 11 the objective lens 17 and the CD 225 are
moved to become parallel as much as 1s possible.

The coma-aberration C., which occurs when the objective
lens 17 1s inclined by 1° to the CD 226 and which 1s
indicated by broken line in FIG. 13, can be eliminated 11 the
CD 2256 1s inclined by angle 4 (deg) as seen from the solid
line D shown 1n FIG. 13.

Hence, the coma-aberration can be eliminated at the time
of recording or reproducing data signals on or from the CD
22b, by inclining the CD 225 to the objective lens 17 by the

angle (deg) given by the following Equation 6:

T-AWD-@ (6)

The CD 225b cannot be inclined to the objective lens 17 by
the angle determined by Equation 6, during the process of
recording or reproducing signals on or from the CD 225,
unless the optical disc drive 1 has an additional mechanism
for inclining the CD 22b6. The use of such an additional
mechanism complicates the structure of the optical disc
drive 1 and raises the manufacturing cost thereof. This
contradicts the object of the present invention.

The present invention uses no additional mechanisms and
can yet eliminate the drawback resulting from the inclination
of the objective lens 17 while data signals are being recorded
or reproduced on or from the CD 2254, without the necessity
of mclimng the CD 22b. As will be detailed later, the light
source 24b that serves to record or reproduce signals on or
from the CD 225 1s arranged ofl the optical axis and applies
a laser beam slantwise to the objective lens 17. Thus, the
objective lens 17 would not adversely influence the beam
spot when 1t 1s inclined at the basic operating point B. The
method of nullifying the intluence that the objective lens 17
inclined by angle T-AWD at the basic operating poimnt B
imposes on the beam spot will be described below 1n detail.

As shown 1n FIG. 14, the second light source 245 of the
laser element 24, which 1s used for the CD 225, 1s located at
a distance AL (mm) from the first light source 24a used for
the DVD 22a lying on the optical axis and at an angular
distance 0 (measured counter clockwise from the intersec-
tion of the radius and the outer circumierence). The laser
beam applied to the CD 22b to record or reproduce data
signals 1s inclined by angle v, which 1s determined by the
following Equation 7;

AL
tam/ = m

(7)

where 1CL (mm) 1s the focal distance of the collimator lens
27.

In Equation 7, the beam inclination vy can be decomposed
into a radial part and a vertical (tangent) part, which are
represented by v cos 0 and v sin 0, respectively.

In the process of recording or reproducing data signals on
or from the CD 226 by applying a laser beam wvia the
objective lens 17, as shown in FIGS. 15A and 15B, coma-
aberration Cy occurs when the beam applied from the light
source 24b 1s mnclined to the objective lens 17 by the unit
angle. To eliminate this coma-aberration Cy, the CD 2254
needs to be inclined at a specific angle o (deg) to record or
reproduce signals 1 optimal conditions (the direction in
which the CD 226 should be inclined at the angle o 1s
regarded as positive). When the objective lens 17 lies
perpendicular to the optical axis, data signals will be
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recorded or reproduced on or form the CD 225 most reliably
if the CD 2254 1s inclined in the directions given by the
following Equation 8:

(a) Radial direction: ay cos 0

(8)

(b) Tangential direction: ay sin 0

From Equations 6 and 8, 1t 1s clear that data signals can be
recorded or reproduced on or from the CD 225 1n the most
desirable way i the CD 225 1s inclined to both the radial
direction and the tangential direction by angles specified by
the following Equation 9:

(a) Radial direction: ATilt(rad)=T"AWD-O+ya cos 0O

(b) Tangential direction: ATilt(tan)=ya sin O (9)

In most optical pickups that can record and reproduce data
signals on and from wvarious types of optical discs, the
components for supporting and rotating an optical disc (e.g.,
disc table 11 and the like) need to be made of the same
material to reduce the manufacturing cost and to simplify the
structure. In view of this, it 1s practically impossible to
incline the CD 22b4. Thus, measures are taken in this
invention to both values (a) and (b) 1n Equation 9 and are
reduced to zero, thereby preventing the deterioration of the
beam spot. This renders 1t possible to record and reproduce
data signals with high reliability.

In practice, it suflices to give a negative value to cos 0,
1.€., the second term of (a) of Equation 9, since T, AWD, O,
v, and o are usually positive values. Considering (b) of
Equation 9, 1t 1s desired that 0 should fall within the range
of 120°=0=240°.

Considering the errors in manufacturing, the tolerance for
the inclination angle should be 0.2° or less for the tangential
direction and +0.3° or less for the radial direction. If this
requirement 1s achieved, the deterioration of data signals
recorded or reproduced will fall within the tolerable margin.
Thus, 1t 1s sutlicient to satisiy the following Equation 10:

(a) IATilt(rad)|=<0.3

(b) IATilt(tan)/<0.2 (10)

In the optical disc drive 1 incorporating the optical pickup
12, data signals can be reliably recorded and reproduced on
and from the CD 225 even when the lens-inclination adjust-
ing mechanism 30 inclines the objective lens 17 at the
operating point B as shown i FIGS. 11A and 11B, only 1f
the following Equation 11 1s satisfied.

(11)

l(ﬁL' |,3|)

(@)—03=<T-AWD- ¢ +tan - -cosf < 0.3

I(AL-IJBI)

(b)) —0.2 < tan” ~a-sinf < 0.2

where [3 1s the 1maging magnification of the optical system
23 and 1 1s the focal distance of the objective lens 17.

When signals are recorded or reproduced on or from the
CD 225, the light source 246 of the laser element 24, which
1s provided for CDs, 1s located at distance AL from the light
source 24a provided for DVDs and inclined at angle 0. Then,
the laser beam emitted from the light source 245 1s applied
slantwise to the objective lens 17, thereby eliminating the
coma-aberration caused because the lens-inclination adjust-
ing mechanism 30 has inclined the objective lens 17 at angle
S (=1-AWD). Now that the coma-aberration has been elimi-
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nated, the beam spot 1s not deteriorated at all. Hence, data
signals can be recorded and reproduced 1n good condition.
As has been described, the present mnvention provides an
optical pickup 12 and an optical disc dnive 1 which can
record and reproduce data signals from optical discs (e.g., a
CD and a DVD) of diflerent specifications, by using one and
the same objective lens. In the optical pickup 12 and the
optical disc drive 1, a lens-inclination adjusting mechanism
30 1s provided. The mechanism 30 1s designed by moditying
mechanical features, without using additional components.
The mechanism 30 inclines the objective lens 17, eliminat-
ing the deterioration of the beam spot, caused by the warping
of the disc, the deformation of the disc-rotating mechanism
or the plane wobbling occurring while the disc i1s being
rotated. A laser beam 1s applied slantwise to the CD 225 by
moving the light source 245 from the optical axis, in spite of
the fact that the lens-inclination adjusting mechanism 30 has
inclined the objective lens 17 because the objective lens 17
1s located closer to the signal-recording plane of the CD 225
than to that of the DVD 22a. Thus, a beam spot free of
deterioration—can be formed on both types of optical discs.
Theretfore, data signals can be recorded and reproduced on
and from both types of optical discs, in optimal conditions.
The shape and structure of any component of the embodi-
ment described above are no more than examples. They
should not be interpreted to limit the present invention.

INDUSTRIAL APPLICABILITY

As described above, the optical pickup and an optical disc
drive comprising this pickup can prevent deterioration of the
beam spot and can therefore record and reproduce data
signals, 1n optimal conditions, on two types of optical discs
that differ 1n specifications, such as recording density and
thickness. In particular, the deterioration of the beam spot
formed on the disc of one type, caused by the warping of the
disc, 1s eliminated to record or reproduce data signals on or
from the optical disc. Further, data signals can be recorded
and reproduced on and from the disc of the other type even
if the beam spot formed on the disc 1s deformed since a
lens-inclination adjusting mechanism inclines the object
lens. Thus, 1t 1s possible to record and reproduce the data
signals on and from either type of an optical disc i good
condition.

The mmvention claimed 1s:

1. An optical pickup designed to record or reproduce data
signals on or from two types of optical discs that differ in at
least data recording density and thickness, by using the same
objective lens, said optical pickup comprising:

two light source sections for emitting laser beams having

different wavelengths; and

a lens-supporting mechanism for controlling a position of

the objective lens 1n a radial direction of the optical
discs and along an optical axis,

wherein the lens-supporting mechanism has a lens-incli-

nation adjusting mechanism capable of changing an
angle at which the objective lens 1s inclined to the
optical axis, substantially 1n proportion to a displace-
ment of the optical disc of the first type, and

the second light source section for recording or reproduc-

ing data signals on or from the optical disc of the
second type 1s positioned with respect to the position of
the first light source section for recording or reproduc-
ing data signals on or from the optical disc of the first
type, so as to satisty the following condition:

120°=0=240°
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where 0 1s an angle measured counterclockwise from the
first light source section used to record or reproduce
data signals on or from the optical disc of the first type
to the second light source section used to record or
reproduce data signals on or from the optical disc of the
second type, along a straight line 1n which the optical
pickup moves toward an outer circumierence of the
optical disc to record or reproduce data signals on or
form the optical disc,

wherein the lens-inclination adjusting mechanism 1s con-
figured to change the angle at which the objective lens
1s 1nclined, to satisty the following condition:

1/4-0/R=ES=0/R

where S 1s the inclination angle of the objective lens, 0 1s the
displacement of the objective lens from a reference position,
and R 1s the radius of the optical disc.

2. The optical pickup according to claim 1, wherein the
two light source sections are supported on the same support
member.

3. The optical pickup according to claim 1, further com-
prising a light-receiving section for receiving laser beams
reflected by the optical discs, and means arranged between
the light-receiving section and the objective lens, for com-
bining optical paths of two types of laser beams emitted
from the two light sources, respectively, such that the two
laser beams reflected by the optical discs are received at
substantially the same point on the light-receiving section.

4. An optical pickup designed to record or reproduce data
signals on or from two types of optical discs that differ in at
least data recording density and thickness, by using the same
objective lens, said optical pickup comprising:

two light source sections for emitting laser beams having

different wavelengths; and

a lens-supporting mechanism for controlling a position of

the objective lens 1n a radial direction of the optical
discs and along an optical axis,

wherein the lens-supporting mechanism has a lens-incli-

nation adjusting mechanism capable of changing an
angle at which the objective lens 1s inclined to the
optical axis, substantially 1n proportion to a displace-
ment of the optical disc of the first type, and

the second light source section for recording or reproduc-

ing data signals on or from the optical disc of the
second type 1s positioned with respect to the position of
the first light source section for recording or reproduc-
ing data signals on or from the optical disc of the first
type, so as to satisty the following condition:

120°=0=240°

where 0 1s an angle measured counterclockwise from the
first light source section used to record or reproduce data
signals on or from the optical disc of the first type to the
second light source section used to record or reproduce data
signals on or from the optical disc of the second type, along
a straight line 1 which the optical pickup moves toward an
outer circumierence of the optical disc to record or repro-
duce data signals on or form the optical disc, wherein the
optical pickup satisfies the following conditions:

~0.3ZTAWD-O+tan” H{ALBl/fi-cos 6=0.3

~0.2 =tan Y (AL-PVA-a-sin 6=0.2

where 1 1s the focal distance of the objective lens; {3 1s the
magnification of the optical system; AWD 1s the dif-
ference between the working distance of recording or
reproducing data signals on or from the optical disc of
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the first type and the working distance of recording or
reproducing data signals on or from the optical disc of
the second type; O 1s the angle at which the optical disc
of the second type 1s inclined to record or reproduce the
signals 1n optimal conditions when the incidence angle
of the laser beam applied to the objective lens changes
by one degree; a 1s the angle at which the optical disc
of the second type 1s mclined to optimize the signals
recorded or reproduced, when the incidence angle of
the laser beam applied to the objective lens changes by
the one degree (regarded as positive 1f the disc 1s
inclined to eliminate the influence of inclination of the
laser beam); T 1s the proportionality constant deter-
mined by the radius of the optical disc of the first type,
which relates the displacement of the objective lens
(regarded as positive 1f the objective lens approaches
the optical disc of the first type) from a reference
position and the inclination of the objective lens (re-
garded as positive 11 the side of the objective lens
located at the outer circumierence of the optical disc of
the first type approaches the optical disc of the first
type); AL 1s the distance between the first light source
section used to record or reproduce data signals on or
from the optical disc of the first type and the second
light source section used to record or reproduce data
signals on or from the optical disc of the second type;
and 0 1s an angle measured counterclockwise from the
first light source section to the second light source
section, along a straight line 1n which the optical pickup
moves toward an outer circumierence of the optical
disc to record or reproduce data signals on or from the
optical disc.

5. An optical disc drive apparatus designed to record or
reproduce data signals on or from two types of optical discs
that differ 1n specifications such as data recording density,
thickness and the like, by using the same objective lens, said
optical disc drive comprising;:

an optical pickup comprising two light source sections for
emitting laser beams having different wavelengths, and
a lens-supporting mechanism for controlling a position
of the objective lens 1n a radial direction of the optical
discs and along an optical axis,

wherein the lens-supporting mechanism has a lens-incli-
nation adjusting mechanism capable of changing an
angle at which the objective lens 1s inclined to the
optical axis, substantially in proportion to a displace-
ment of the optical disc of the first type from a
reference point 1n a signal-recording plane of the opti-
cal disc of the first type, and

the second light source section for recording or reproduc-
ing data signals on or from the optical disc of the
second type 1s positioned with respect to the position of
the first light source section for recording or reproduc-
ing data signals on or from the optical disc of the first
type, so as to satisly the following condition:

120°=0=240°

where 0 1s an angle measured counterclockwise from the
first light source section used to record or reproduce
data signals on or from the optical disc of the first type
to the second light source section used to record or
reproduce data signals on or from the optical disc of the
second type, along a straight line 1n which the optical
pickup moves toward an outer circumierence of the
optical disc to record or reproduce data signals on or
from the optical disc,
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wherein the lens-inclination adjusting mechanism 1s con-
figured to change the angle at which the objective lens
1s 1nclined, to satisty the following condition:

1/4-0/RES=0/R

where S 1s the inclination angle of the objective lens, 0 1s the
displacement of the objective lens from a reference position,
and R 1s the radius of the optical disc.

6. The optical disc drive apparatus according to claim 5,
wherein the two light source sections are supported on the
same support member.

7. The optical disc drive according to claim 5, further
comprising a light-recerving section for receiving laser
beams reflected by the optical discs, and means arranged
between the light-receiving section and the objective lens,
for combining optical paths of two types of laser beams
emitted from the two light sources, respectively, such that
the two laser beams reflected by the optical discs are
received at substantially the same point on the light-receiv-
ing section.

8. An optical disc drive apparatus designed to record or
reproduce data signals on or from two types of optical discs
that differ 1n specifications such as data recording density,
thickness and the like, by using the same objective lens, said
optical disc drive comprising;:

an optical pickup comprising two light source sections for

emitting laser beams having diflerent wavelengths, and
a lens-supporting mechanism for controlling a position
of the objective lens 1n a radial direction of the optical
discs and along an optical axis,

wherein the lens-supporting mechanism has a lens-incli-

nation adjusting mechanism capable of changing an
angle at which the objective lens 1s inclined to the
optical axis, substantially in proportion to a displace-
ment of the optical disc of the first type from a
reference point i a signal-recording plane of the opti-
cal disc of the first type, and

the second light source section for recording or reproduc-

ing data signals on or from the optical disc of the
second type 1s positioned with respect to the position of
the first light source section for recording or reproduc-
ing data signals on or from the optical disc of the first
type, so as to satisty the following condition:

120°=0=240°

where 0 1s an angle measured counterclockwise from the
first light source section used to record or reproduce data
signals on or from the optical disc of the first type to the
second light source section used to record or reproduce data
signals on or from the optical disc of the second type, along
a straight line 1 which the optical pickup moves toward an
outer circumierence of the optical disc to record or repro-
duce data signals on or from the optical disc, which satisfies
the following conditions:

03T AWD-Q+tan™ H{ALBl/f-cos 6=0.3

~0.2 Ztan Y (AL pVA-ar-sin 6=0.2

where 1 1s the focal distance of the objective lens; {3 1s the
magnification of the optical system; AWD 1s the dii-
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ference between the working distance of recording or
reproducing data signals on or from the optical disc of
the first type and the working distance of recording or
reproducing data signals on or from the optical disc of
the second type; O 1s the angle at which the optical disc
of the second type 1s inclined to record or reproduce the
signals 1n optimal conditions when the incidence angle
of the laser beam applied to the objective lens changes
by one degree; a 1s the angle at which the optical disc
of the second type 1s inclined to optimize the signals
recorded or reproduced, when the incidence angle of
the laser beam applied to the objective lens changes by
the one degree (regarded as positive 1f the disc 1is
inclined to eliminate the influence of inclination of the
laser beam); T 1s the proportionality constant deter-
mined by the radius of the optical disc of the first type,
which relates the displacement of the objective lens
(regarded as positive if the objective lens approaches
the optical disc of the first type) from a reference
position and the inclination of the objective lens (re-
garded as positive 11 the side of the objective lens
located at the outer circumierence of the optical disc of
the first type approaches the optical disc of the first
type); AL 1s the distance between the first light source
section used to record or reproduce data signals on or
from the optical disc of the first type and the second
light source section used to record or reproduce data
signals on or from the optical disc of the second type;
and 0 1s an angle measured counterclockwise from the
first light source section to the second light source
section, along a straight line 1n which the optical pickup
moves toward an outer circumierence of the optical
disc to record or reproduce data signals on or from the
optical disc.

9. An optical pickup comprising:

two light source sections for emitting laser beams having
different wavelengths;

a lens-supporting mechanism for controlling a position of
the objective lens 1n a radial direction of the optical
discs and along an optical axis,

wherein the lens-supporting mechanism has a lens-incli-
nation adjusting mechanism capable of changing an
angle at which the objective lens 1s inclined to the
optical axis, substantially in proportion to a displace-
ment of the optical disc of the first type from a
reference point 1n a signal-recording plane of the opti-
cal disc of the first type, and

the lens-inclination adjusting mechanism 1s configured to
change the angle at which the objective lens is inclined,
to satisty the following condition:

1/4-0/RES=0/R

where s 1s the inclination angle of the objective lens (re-
garded as positive 1f the objective lens approaches the outer
circumierence of the optical disc), o i1s the displacement of
the objective lens from a reference position (regarded as
positive 1 the objective lens approaches the optical disc),
and r 1s the radius of the optical disc.
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